Abstract-Health effects of electromagnetic fields have been studied mainly focusing on extremely low frequency magnetic fields and radio frequency fields. Less attention has been paid to intermediate frequency magnetic fields (IF MFs) even though number of applications is increasing and information on potential health effects is sparse. We are conducting a series of studies to assess the exposure to IF MFs and the consequences of exposure.
I. INTRODUCTION
Health effects of electromagnetic fields have been studied for decades mainly focusing on extremely low frequency (ELF) magnetic fields (MFs) and radiofrequency (RF) fields.
ELF and RF fields have been classified as possibly carcinogenic to humans (Class 2B) [1, 2] . Less attention has been paid to intermediate frequency magnetic fields (IF MFs), even though the number of applications is increasing and information on potential health effects is sparse [3] . Magnetic fields at frequencies from 300 Hz to 10 MHz are classified IF MFs. Many different devices use IF MFs; common sources of exposure include industrial induction heaters and plasma heaters, induction heating cookers, electronic article surveillance (EAS) systems, wireless power transfer and different medical equipment [4] .
To answer the questions about safety of the IF MFs European Commission has funded a "Generalised EMF Research using Novel Methods -an integrated approach: from research to risk assessment and support to risk management" (GERoNiMO) -project. University of Eastern Finland (UEF) is one of the 19 participants and will particularly focus on assessing possible health effects of IF MFs.
II. METHODS Table 1 shows an overview of studies on health risks of IF MFs performed at UEF.
A. Exposure assessment
Exposure assessment for cashiers working near electronic article surveillance (EAS) devices was performed for kHzsystems [5] . Additional measurements will be performed in collaboration with the Finnish Institute of Occupational Health in order to assess the exposure of cashiers working near EAS gates operating at the frequency of 8.2 MHz.
B. Epidemiology
Reproductive health effects are studied among female cashiers exposed to IF MFs when working near EAS devices. Associations between pregnancy outcomes (especially miscarriages) and estimated exposures will be investigated. The study population will include women aged <40 years, who either worked as cashiers in supermarkets (exposed), or in
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smaller stores which do not have EAS devices (non-exposed). All study subjects are employees of a nationwide company in Finland. Employers will provide make and model of the EAS devices used and distance between the worker and each device, and exposure will be estimated based on this information and previous [5] and new measurements of IF electric and magnetic fields from EAS devices. The measurements include also the background field of 50 Hz magnetic fields. Data from pregnancy outcomes will be collected from registries maintained by the National Institute for Health and Welfare and it will include details of maternal smoking and earlier pregnancies. 
C. In vivo studies
Groups of 20 male C57BL/6J mice were exposed for 5 weeks to sinusoidal 7.5 kHz magnetic field at 12 or 120 µT. The animals were 2 months old at the onset of exposure. Control animals were sham-exposed. Cognitive performance was assessed using a battery of test protocols established at the Neurobiology of Learning and Memory Laboratory at the University of Eastern Finland. The test battery included the following subtests:
(a) Spontaneous exploratory activity was analyzed in an observation cage (26 x 26 x 39 cm) with white opaque walls using infrared photo detection method coupled with an automated activity monitor (TruScan®, Coulbourn Instruments, CO, USA). The system is designed to enable separate monitoring of horizontal (XY-move time) and vertical activity (rearing).
(b) Motor coordination and balance were tested with the Rota-Rod® apparatus (Ugo Basile, Comerio, Italy).
(c) Marble burying task for object neophobia was run in the home cage (27 cm x 45 x cm 14.5 cm). A high number of covered marbles indicates anxiety.
(d) Novelty suppressed feeding test examined appetite and anxiety. The time to sniffing, biting and the amount of food consumed by the cut-off time were measured.
(e) Morris swim navigation task was used to test spatial learning and memory. At this point, the mice were placed to individual cages since the last tests may make them aggressive.
(f) Passive avoidance task tested long-term memory as well. In contrast to Morris swim task, increased activity level will lead to impaired performance in this task.
(g) Isolation induced aggression was tested last when the each mouse had got used to live in isolated cages and considered the cage its territory. A younger male was placed in the home cage under continuous video surveillance. The time to sniffing, boxing and biting were taken as indicators of investigation and aggression.
Post-mortem histochemical analysis [6] were also performed.
Blood cell samples from animals exposed to IF MFs are being assayed for genotoxicity by investigating DNA strand breaks (Comet assay) and micronuclei.
Male fertility indicators e.g., sperm motility and morphology were measured in exposed mice.
A behavioral teratology study is being conducted as a sensitive assay to detect any effects on the developing nervous system: mice were exposed to IF MFs in utero and tested postnatally for behavioural and cognitive effects.
D. In vitro studies
For in vitro studies, primary rat astrocyte cultures were derived from the brains of 1-3-days-old RccHan:WIST rats [7] . Cells were exposed to a vertical sinusoidal 7.5 kHz MF for 24 h at 30 or 300 µT. Comet assay, was used to measure DNA damage and DNA repair, and micronucleus formation was analyzed using flow cytometric scoring [8] . To assess joint effects, genetic damage was induced with two known genotoxic agents, methyl methane sulfonate (MMS; an alkylating agent) and menadione (induces reactive oxygen species in mitochondria). Menadione was selected because ELF magnetic fields have been previously reported to alter responses to menadione-induced DNA damage [8] . MMS was selected because of its different mode of action; similarities or differences in possible joint effects may provide new insights on the cellular processed behind the effects. We measured the selected endpoints immediately after exposure and 36 days after exposure to assess induced genomic instability.
III. RESULTS
The measured IF magnetic fields caused by EAS devices working at kHz frequencies were generally below the occupational exposure reference value 100 µT [5] , but cashiers represent a population group with exceptional exposure to IF MFs. The epidemiological study assessing pregnancy outcomes is still ongoing and the results will be available later in 2017.
In the study assessing cognitive and behavioural effects, 5 weeks of exposure to 7.5 kHz MFs did not alter body weight, spontaneous activity, motor coordination, endurance, level of anxiety or aggression behavior of mice. In Morris swim task, the 120-µT mice showed longer escape latencies and spent more time than the sham-exposed group, suggesting impaired spatial learning ability. The 12-µT mice were no worse than sham-exposed mice in the task acquisition but kept a longer distance to the platform in probe trial, while the 120-µT group did not differ from the sham group. The passive avoidance task indicated a clear impairment of memory over 24 h in the 120-µT group. The exposure did not increase astroglial activation or neurogenesis in the hippocampus.
The general health of the mice, body weight development and reproductive tissue weights were not affected after 5 weeks exposure to 7.5 kHz MFs at 12 and 120 µT. No exposure-related differences were observed in sperm counts or sperm head abnormalities. Proportion of non-motile cells was significantly decreased in the 120-µT group, and a corresponding increase was seen in the percentage of motile cells (significant in non-progressive motile cells). Results of the behavioural teratology study and mouse genotoxicity will be ready in later 2017.
In vitro experiments showed no MF effects on micronucleus level in the measurements performed immediately after exposure, but relative survival of the cells was consistently improved by MF exposure. Results of the Comet assay indicated that MF exposure may affect DNA damage and repair, but the responses were either inconsistent or complex (depending on both time and magnetic field strength) and difficult to interpret. No statistically significant MF effects on delayed genotoxicity were observed in studies performed 36 days after the exposure to assess possible induction of genomic instability.
IV. COMPLIANCE WITH ETHICAL REQUIREMENTS

A. Statement of Informed Consent
The epidemiological study is conducted as a registerbased study so informed consent is not needed. The Research Ethics Committee of the University of Eastern Finland has issued a favourable statement for epidemiological study (17.2.2015).
B. Statement of Human and Animal Rights
The animal experiments were conducted according to the guidelines of the Council of Europe (Directive 86/609) and Finland, and approved by the Animal Experiment Board in Finland (the license number ESAVI/2477/04.10.07/2013).
V. CONCLUSIONS IF MF exposure was not found to have adverse effects on fertility indicators in male mice or on genotoxicity in cell cultures. However, interesting findings suggesting protective effects were observed, which need to be confirmed in further studies. The behavioural studies suggested impaired spatial learning and memory in mice exposed to IF MFs. Results of the behavioural teratology study, in vivo genotoxicity and the epidemiological study will be available later in 2017. Assessment of health risks will be done when results of all studies are available.
